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1.0 Introduction

1.1 Background
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1.2 Source Characterization Model

1.2.1  Features and Capabilities
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2.0 SCM Model Phenomenology

2.1 Model Overview
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2.2 Computational Processing Flow
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Model Parameters

PROJECTILE —_—
PARAMETERS AMBIENT AIR PARAMETERS
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3.0 SCM Model Description
3.1 Detonation Thermochemistry and Emission Factors

3.1.1  Phenomenology
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C-J State Properties and Composition

CEA Ideal
CHEETAH Nonideal Thermochemical Equilibrium Equilibrium
RDX TNT HMX Comp B Comp B
Density (g/cc) 1.8 1.654 1.9 1.74581 na
Po (atm) 1 1 1 1 1
Vo (cc/g) 0.55369 0.60449 0.52491 0.57198 na
Eo (cal/g) 66.21027 -78.4265 60.52725 14.14103 14.16
Pressure (atm) 341763.7 191869 388620.4 282121.4 290188.4
Specific Volume (cc/g) 0.4206 0.454 0.3995 0.4301 0.04256
Temperature (K) 4191.9 3685 4113.6 4035.6 3834.9
N2 0.3332 0.1365 0.3332 0.2542 0.2588
H.O 0.3331 0.2266 0.3332 0.2903 0.1468
CO2 0.1525 0.1303 0.1584 0.1444 0.0738
CO 0.0280 0.05797 0.0162 0.0382 0.3579
NO 2.09E-04 4.35E-05 1.77E-04 1.32E-04 1.76E-04
CH4 1.65E-05 1.35E-04 4.35E-06 6.03E-05 1.460E-02
CoH4 1.24E-05 5.75E-05 3.02E-06 2.58E-05 9.01E-04
H2 5.46E-06 5.89E-05 1.14E-06 1.29E-05 8.17E-02
CH2OH 3.76E-06 1.51E-05 1.16E-06 7.11E-05 2.15E-04
02 3.98E-05 3.28E-06 4.79E-05 1.76E-05 1.79E-06
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3.2 Crater Dynamics
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Volume Reduction Due To Vegetation
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3.2.2  Dust Cloud Mass
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3.2.3  Dust Cloud Particle Distribution
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Large mode

Small mode

3.3 Puff Fluid Dynamics

Processes Governing Puff Rise

_—
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adwection

chemical reactions
phase transitions

height, z

entrainment

— initial puff determined from
thermochemical detonation properties

horizontal distance, x

3.3.1  Analytical Results
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3.4 Buoyant Puff Flow Structure

3.4.1 Vortex Method Modeling
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3.4.2  Extending Hill’s Vortex Modeling
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Spherical Vortex - Streamlines
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3.5 Particle Deposition

3.5.1  Deposition



Source







SCATTER PLOT

Buoyant Puff Separates from the Dust Cloud
Buoyant Pufl R ises from the Dust Cloud

= - The Dust Cloud at Ground Depaosits
Tims = 1 iszondi - Time = 3 seconds
D= 03 um B Dp=100 um
15 = 15
E | E |
ERLIS S 10k
5 | 5B
m
> i = L
5 51
] IE 07\\\\|\H\|\H\|\|H|\|\-\:ll-u||\|\lH|\|H|\|\||\|\||
-t -8 & 4 -2 0 4 B g 10 0 -8 -6 -4 2 0 2 4 3 5 10

2 .
Horizomtal {m) Horizontal (m)

Particle-Laden Buoyant Puff Rises Particles in the Puff Start Falling
20 0~
Timu = 18 § weondy L Tie = 19 wscands
[E D= 1ol um I~ Dp= 900 wm
15 = 15 |- E 5o
i g s

= P =
s ) F
% o 2w
s | g
= - - L

5 5L

F) NI EFETN FETE FTW NN DTN YT ST PP S | §

-0 -8 % -4 -2 '] 4 B -] Ll -0 -8 =] =4 4 [ "] L]

2 ] a 2
Harizontal {m) Horizontal {m)
Wiy W |

Formation of Tail to the P uff Partiches Fall Qut
20 o —
L L~ Tt m 20 pacends I Tme =42 ascands
I b

Dps 908 um I e D= W0 wm

T
R BT

Vertical {m)
=
T
Vertical {m)
=

L3

L 5
s i L
| Fi
STEET TS PR ST STEE TR PR PR e e |
o4 #0402 0 2. -4 CF B 10 T e e S T T T
Horizontal {mj) Horizontal {m)







t=15 Seconds

t= 30 Seconds

Vertical [m)
™ =2

-y
(=1

40 a0 -
35; 3 —
Wk a0k
b 26 —.EE:— E et
E . E L e
= af Z 20f S
L E [ 2 |
T r ==t -
P sk & "ﬁ gﬂi:—
10 g 10 -
E
ol 4 g L n:....l....!...lé S [Eo Y PR
-20 15 10 -§ i 5 1 15 20 20 -18 -10 -5 ] 5 0 18 20
Horizontal Horzontal
40 t=45 Seconds | 4o t=60 Seconds
38 35 S w
0 G 0 W e
S i agth < s
26 ‘Eﬂ !ﬂ 26

AP T .|| NS RUN TR |

gEU

=15 -10 -

4 [}] 5
Harzontal

Vertical (m)
b

=y
o

-
(=1

BT S T T @ 18 20

] 5
Harizontal




Frare 001 |16 Now 2001 | | [ ] |||

Particle Residence Time in Buoyant Puff

Dp=20 um
b= Dp=40 um
w0 Dp=860 um
2400
o -

E H Dp=80 um
0300 H Dp = 100 um
[re
0200 E Dp=120 um
* =

100 |

0 = L L L L L I L L L L I L L L L I
25 50 75 100

Time (Seconds)

mme 007 | 21 New 2001 | | ] ]| |

1 1 1 I 1 1 1 I 1 1 | I 1 1 I
I 2 I 4 I 6 — 8 10
Time (Seconds)

Entrainment of Particles into Buoyant Puff
1000 —
900
=800
=] =
o [
=700
m b
= I
2600 - p=20 um
m [=
£500 ; Dp= 40 um
g = Dp=860 um
E“-OU B Dp=80 um
ESOU é Dp = 100 um
'E E Dp= 120 um
#4200 —E !sz um
0




n _ PP
N p
nr n
T[ap n p n T[a
81n? !
p n T[a
P p "=
r] I
p ma
81n? '
p ma

3.5.3  Effect of Particle Fall-off on Buoyant Puff Rise
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3.6 Meteorology

3.6.1  Atmospheric Stratification
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3.6.2  Atmospheric Stability



3.6.3  Sensible Heat Flux
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3.7 Chemical Kinetics

3.7.1  Phenomenology



3.7.2 Chemical Kinetic Mechanisms



SCM Reaction Sets
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3.7.3 Numerical Model

3.7.4  RDX Half-life



RDX Decomposition and Oxidation in Post-Detonation Gases

mixing ratio

half-life (s)

10

10

10

10

10

10-10

10"

10°

10°®

107

10®

10

10—10

10-11

10

-1
(P, =100 atm, T, =930.6 K, V, =24.2cc g )

NO,

I —%— RDX
| = H,CN
MU v —e— H,CN
= TN -+ HCN
S —~ NO,
g e 3 X —— N,0
\ N —A— HNO
o N —A— HONO
Y.<
ol
. 2 O
X \
D
B 1 1 1 LI I 1 1 1 1
2 3 4 5 6789 2 3 4 5
0.1 1
time (us)

RDX Half-Life in Post-Detonation Gases
as a Function of Temperature During Expansion

4
<>.\. - ol 2.0x10
N expansion ;
'\‘ , Qj — 15
B
', C-Jadiabat pressure ¢ &
' - 10 3
. P )
el half-life 2
e — 0.5
- e
‘‘‘‘‘‘ \.~<>~.~.®.
ol Gt ===l 0.0
' I ' I ' I ' I
2000 1600 1200 800

temperatue (K)



3.8 Heterogeneous Update Kinetics

3.8.1 Overview

3.8.2  Soil Particle Uptake Kinetics



NO

NO;

HNO;

Os



SO,

VOCs

3.8.3  Soot Uptake Kinetics

NO,
HNO;
Y
Os
Y
SO,



Mechanisms for ejection and deposition of energetic material formulated
I based on field measurements and data published in archival literature.
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4.0 Army Range and Munitions Environmental Data (ARMED)
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4.2 User Characteristics



4.3 Data Collection

4.4 Data Searching and Viewing

 Emissions Factors/Compound Report - This report lists the emission factors for the user-
selected compound. The report shows the DODIC, nomenclature and emission factors
as the Average Adjusted Emission Factor, Ib/item and Average Adjusted Emission
Factor, Ib/Ib Net Explosive Weight (NEW). Information is derived from data stored in the
database.

e Sampling and Analysis Methods Report - This report lists the sampling and analysis
methods used to obtain emission factor data for the user-selected test. These methods
have been submitted to the U.S. Environmental Protection Agency (EPA) prior to each
test for approval. A more detailed description for each of these methods is available upon
request from USAEC.

e Parameter/Compound List Report - This report lists all of the compounds that each

munition has been tested for as potential emission factors to date. The report groups all
of the compounds by parameter type.

4.5 Conclusion



5.0 Model Validation

5.1 Overview of Measurement Data

51.1 Nevada Test Site Emissions Characterization

Watkins et al Velsko et al

Velsko et al

5.1.2  Aberdeen Test Center



5.1.3 Dugway Proving Ground

5.2 Aberdeen Test Center Exploding Ordnance Emissions Study (EOES)- Series I, Phase 11

5.2.1 EOES Test Data






5.2.2 Mass Balance
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5.2.3

Detonation Product Emissions: Kinetic Results







Species\Test

MO030

M591

M112

M72

M67

5.3 Dugway Proving Ground Ordnance Emissions Characterization — Phase 1V




Test Item NEW and Composition

MO031

M456 MLO09

ML15




Pollutant

Average Corrected Emission Factor (Ib/lb NEW)

M031 M456 MLO9 ML15
Particulates

TSP 3.43E-01 3.80E-01 1.61E+00 5.12E+00
PM1o 1.15E-01 3.40E-01 3.85E-01 7.56E-01
PM2.5 1.31E-02 1.11E-02 1.36E-02 8.09E-02
Metals

Aluminum 1.14E-02 1.63E-02 5.06E-03 7.70E-03
Antimony 6.54E-05 7.56E-05 9.37E-02 3.00E-01
Copper 3.20E-03 1.33E-03 1.03E-03 4.40E-03
lLead 2.20E-04 7.26E-05 3.49E-01 8.50E-01
Magnesium 8.81E-03 1.02E-02 3.54E-03 7.83E-03
Zinc 1.73E-03 1.78E-03 1.02E-03 5.34E-03
Energetics

1,3,5-Trinitrobenzene 1.79E-05 4.89E-07 3.02E-06 2.52E-06
RDX 5.08E-07 1.72E-06 2.33E-02 2.09E-02
SVOCs

Naphthalene 7.61E-06 2.63E-05 2.21E-05 1.79E-05
Phenol 7.73E-06 5.50E-06 2.47E-05 2.64E-05
\VOCs

Ethylene 1.58E-04 1.58E-03 2.10E-03 2.27E-03
Acetylene 1.03E-04 1.18E-03 7.20E-04 5.58E-04
Benzene 7.53E-05 3.33E-04 4.51E-04 5.90E-04
Toluene 4.68E-05 1.88E-04 1.71E-04 3.00E-04
HCN ND ND 2.29E-02 6.34E-03
[Formaldehyde 1.11E-04 4.56E-04 6.74E-03 2.40E-03
[cEM

lco. 1.47E+00 5.10E+00 2.40E-01 4.35E-01
lco 2.50E-02 4.80E-02 1.71E-01 1.84E-01
[INOx 1.69E-02 6.96E-03 4.10E-02 4.54E-02




Species

M031

M456

MLO9

ML15

5.4 Field Program to Identify TRI Chemicals




6.0 Summary
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9.0 Appendix A - Aerosol Mass Spectrometric Point-of-Fire Measurements

Aerosol Mass Spectrometer Characterization of Point-of-Discharge
Fine Particle Emissions
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Thne DCiate and
M
Onasch et al.
Munitions
M793 M910 M931 M934 M931 (z4)
(Exp A) (Exp B) (Exp C) | (Exp D) (Exp E)
Ammonium 4 5 39 16
Nitrate 195 62 237 127 27
Sulfate 68 225 278 2471 115
Chloride 4 4 298 11 7
Organics 225 145 2160 811 978
Carbonates 293 87 905 322 629
Cyanide 45 8 144 80 126
PAH 0 0 3 1 1
Zinc 90 1234 1131 0 1
Lead 15 60 12 6 3
Antimony 5 23 0 1 0
Total PM 976 2032 5554 4202 2899
U

Point-of-Discharge Fine Particulate Emissions

Aerosol Mass Spectrometer Characterization of



10.0 Appendix B: Chemical Kinetic Mechanism

ELEMENTS ATOMIC
CONSIDERED WEIGHT

1. H 1.00797
2. C 12.0112
3. 0 15.9994
4. N 14.0067
c
P H
H A
A R
SPECIES S G MOLECULAR TEMPERATURE ELEMENT COUNT
CONSIDERED E E WEIGHT LOwW HIGH H C O N
1. C(S) S 0 12.01115 300.0 5000.0 0 1 0 O
2. H2 G O 2.01594 300.0 5000.0 2 O O O
3. 02 G O 31.99880 300.0 5000.0 O O 2 O
4. H20 G O 18.01534 300.0 5000.0 2 0 1 O
5. 0 G O 15.99940 300.0 5000.0 0 O 1 O
6. H G O 1.00797 300.0 5000.0 1 0 O O
7. OH G O 17.00737 300.0 5000.0 1 O 1 O
8. HO2 G O 33.00677 200.0 3500.0 1 0 2 O
9. H202 G O 34.01474 300.0 5000.0 2 0 2 O
10. CH20 G O 30.02649 300.0 5000.0 2 1 1 O
11. HCO G O 29.01852 300.0 5000.0 1 1 1 O
12. CO G O 28.01055 300.0 5000.0 O 1 1 O
13. Co2 G O 44.00995 300.0 5000.0 O 1 2 O
14. N G O 14.00670 200.0 6000.0 0O 0 O 1
15. N2 G O 28.01340 300.0 5000.0 0 O 0 2
16. NO G O 30.00610 200.0 6000.0 O O 1 1
17. NO2 G O 46.00550 200.0 6000.0 0 0 2 1
18. HNO G O 31.01407 200.0 6000.0 1 0 1 1
19. HONO G O 47.01347 300.0 5000.0 1 0 2 1
20. N20 G O 44.01280 200.0 6000.0 O O 1 2
21. NO3 G O 62.00490 300.0 5000.0 O O 3 1
22. HNO3 G O 63.01287 300.0 5000.0 1 O 3 1
23. CH4 G O 16.04303 300.0 5000.0 4 1 0 O
24. CH3 G O 15.03506 300.0 5000.0 3 1 0 O
25. CH30 G O 31.03446 300.0 3000.0 3 1 1 O
26. CH2 G O 14.02709 300.0 5000.0 2 1 O O
27. CH G O 13.01912 300.0 5000.0 1 1 O O
28. CH20H G O 31.03446 250.0 4000.0 3 1 1 O
29. CH30H G O 32.04243 300.0 5000.0 4 1 1 O
30. C2H6 G O 30.07012 300.0 1500.0 6 2 0 O
31. C2HS G O 29.06215 300.0 5000.0 5 2 O O
32. C2H4 G O 28.05418 300.0 5000.0 4 2 0 O
33. C2H3 G O 27.04621 300.0 5000.0 3 2 0 O



O OO, REFEENDNNDDNDDNDDN
cNoNeoN HeoNeoN N S el o]

PR PR RPRRPROOOOO

w

10.
11.
12.
13.
14.

15.

C2H2 G 0 26
C2H G O 25
CH2CO G O 42
CH3CO G 0 43
CH3HCO G 0 44
CN G 0 26
HCN G 0 27
HNCO G O 43
NH G O 15
NH2 G 0 16
NH3 G 0 17
REACTIONS CONSIDERED
H2+M=H+H+M
H2 Enhanced
H20 Enhanced
CO Enhanced
COo2 Enhanced
O+H20=0H+OH
O+H2=H+OH
0+0+M=02+M
H2 Enhanced
H20 Enhanced
CO Enhanced
COo2 Enhanced
H+02=0+0H
H+02 (+M) =HO2 (+M)
Low pressure limit:
TROE centering:
H2 Enhanced
H20 Enhanced
CO Enhanced
COo2 Enhanced
H+O+M=0H+M
H2 Enhanced
H20 Enhanced
CO Enhanced
COo2 Enhanced
OH+H2=H20+H
OH+H+M=H20+M
H2 Enhanced
H20 Enhanced
CO Enhanced
Co2 Enhanced

HO2+0=02+0H
HO2+H=H2+02
HO2+H=0H+OH
HO2+0OH=H20+02
HO2+H0O2=H202+02

Declared duplicate reaction...

HO2+HO2=H202+02

03824  300.0 5000.0 2
03027  300.0 5000.0 1
03764  200.0 3500.0 2
04561  300.0 5000.0 3
05358  300.0 5000.0 4
01785  300.0 5000.0 0
02582  300.0 5000.0 1
02522  300.0 5000.0 1
01467 300.0 5000.0 1
02264 300.0 5000.0 2
03061  300.0 5000.0 3
(k =
A
4.57E+19
by 2.500E+00
by 1.200E+01
by 1.900E+00
by 3.800E+00
2.97E+06
5.06E+04
6.17E+15
by 2.500E+00
by 1.200E+01
by 1.900E+00
by 3.800E+00
1.94E+14
4.52E+13
.67000E+20 -.14200E+01
.10000E+01  .10000E-89
by 2.500E+00
by 1.200E+01
by 1.900E+00
by 3.800E+00
4.72E+18
by 2.500E+00
by 1.200E+01
by 1.900E+00
by 3.800E+00
2.16E+08
2.21E+22
by 2.500E+00
by 1.200E+01
by 1.900E+00
by 3.800E+00
1.75E+13
6.62E+13
1.69E+14
1.90E+16
4.20E+14
1.30E+11

Declared duplicate reaction...

A T**b exp (-E/RT))

b
-1.4 104000
2.0 13400
2.7 6290
-.5
.0 16440
.0
.00000E+00
.10000E+91
-1.0
1.5 3430.
-2.0
.0 -397.
.0 2130.
.0 874.
-1.0
.0 11980.
.0 -1629.

E

.0

(@}

(@}

(@]

OO O oo



16.

17.
18.
19.
20.

21.

22.
23.
24.
25.
26.
27.
28.
29.

30.
31.
32.
33.
34.
35.
36.

37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.

51.

52.

H202 (+M) =OH+OH (+M) 2.95E+14
Low pressure limit: .12000E+18 .00000E+00
TROE centering: .50000E+00 .10000E-89
H202+0=0H+HO2 9.64E+06
H202+H=H20+0OH 1.00E+13
H202+H=HO2+H2 4.82E+13
H202+0OH=H20+HO02 1.00E+12
Declared duplicate reaction...
H202+0H=H20+HO02 5.80E+14
Declared duplicate reaction...
CH20+M=HCO+H+M 1.63E+33
CH20+M=H2+CO+M 8.25E+15
CH20+02=HCO+HO0O2 2.05E+13
CH20+0=HCO+0OH 1.81E+13
CH20+H=HCO+H2 1.26E+08
CH20+0OH=HCO+H20 3.43E+09
CH20+HO2=HCO+H202 1.99E+12
HCO+M=H+CO+M 1.85E+17

H2 Enhanced by 1.890E+00

H20 Enhanced by 1.200E+01

CO Enhanced by 1.900E+00

CO2 Enhanced by 3.800E+00
HCO+02=CO+HO2 7.58E+12
HCO+0=CO+0OH 3.00E+13
HCO+0=CO2+H 3.00E+13
HCO+H=CO+H2 7.23E+13
HCO+OH=CO+H20 3.00E+13
HCO+HO2=CO2+0OH+H 3.00E+13
CO+0 (+M) =CO02 (+M) 1.80E+10
Low pressure limit: .13500E+25 -.27880E+01
TROE centering: .10000E+01 .10000E-89

N2 Enhanced by 1.330E+00

H2 Enhanced by 2.500E+00

H20 Enhanced by 1.200E+01

CO Enhanced by 1.900E+00

Co2 Enhanced by 3.800E+00
CO+02=C02+0 2.53E+12
CO+0OH=CO2+H 1.50E+07
CO+HO2=C02+0H 5.80E+13
N+02=NO+0O 6.40E+09
N+OH=NO+H 3.80E+13
N+HO2=NO+OH 1.00E+13
N+C0O2=NO+CO 1.90E+11
N+NO=N2+0 3.27E+12
N+NO2=NO+NO 4.00E+12
N+NO2=N20+0 5.00E+12
N+NO2=N2+02 1.00E+12
N+HNO=N20+H 5.00E+10
N+N20=N2+NO 1.00E+13
NO+M=N+0+M 9.64E+14

N2 Enhanced by 1.500E+00

CO2 Enhanced by 2.500E+00
NO+O (+M) =NO2 (+M) 1.30E+15
Low pressure limit: .47200E+25 -.28700E+01
TROE centering: .95700E+00 .10000E-89
NO+H (+M) =HNO (+M) 1.52E+15
Low pressure limit: .89600E+20 -.13200E+01

.0 48460.
.45500E+05
.10000E+91

2.0 3970.

.0 3590.

.0 7950.

.0

.0 9557.

-4.1 92550.

.0 69540.

.0 38920.

.0 3078.

1.6 2163.
1.2 -447.
.0 11660.
-1.0 17000.

.0 406.

.0

.0

.0

.0

.0

.0 2380.
.41910E+04
.10000E+91

.0 47700.

1.3 -765.

.0 22930.

1.0 6280.

.0

.0 2000.

.0 3400.

.3

.0

.0

.0

.5 3000.

.0 19870.

.0 148400.

-.8
.15510E+04
.83320E+04

-.4
.73520E+03

[oNeoNeNe]

OO O OO oo
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53.

54.
55.
56.
57.

58.
59.

60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.

78.
79.
80.

81.

82.
83.
84.
85.
86.
87.
88.
89.
90.
91.

92.

TROE centering: .82000E+00 .10000E-89
NO+OH (+M) =HONO (+M) 1.99E+12
Low pressure limit: .50800E+24 -.25100E+01
TROE centering: .62000E+00 .10000E-89

H20 Enhanced by 5.000E+00
NO+HO2=N0O2+0H 2.11E+12
NO+HCO=HNO+CO 7.23E+12
NO2+0=02+NO 3.91E+12
NO2+0 (+M) =NO3 (+M) 1.33E+13
Low pressure limit: .14900E+29 -.40800E+01
TROE centering: .82600E+00 .10000E-89
NO2+H=NO+OH 1.32E+14
NO2+0OH (+M) =HNO3 (+M) 2.41E+13
Low pressure limit: .64200E+33 -.54900E+01
TROE centering: .83700E+00 .10000E-89
NO2+CH20=HONO+HCO 8.02E+02
NO2+HCO=CO+HONO 1.24E+23
NO2+HCO=H+CO2+NO 8.39E+15
NO2+CO=C02+NO 9.03E+13
NO2+NO2=NO3+NO 9.64E+09
NO2+NO2=2N0+02 1.63E+12
HNO+02=NO+HO2 1.00E+13
HNO+0O=0H+NO 1.81E+13
HNO+H=H2+NO 1.81E+13
HNO+OH=H20+NO 1.00E+13
HNO+HCO=CH20+NO 6.02E+11
HNO+NO=N20+0H 2.00E+12
HNO+NO2=HONO+NO 6.02E+11
HNO+HNO=H20+N20 8.51E+08
HONO+0O=0H+NO2 1.20E+13
HONO+H=H2+NO2 1.20E+13
HONO+OH=H20+NO0O2 1.26E+10
N20O (+M) =N2+0 (+M) 7.91E+10
Low pressure limit: .91300E+15 .00000E+00

H20 Enhanced by 7.500E+00

NO Enhanced by 2.000E+00

CcO Enhanced by 2.000E+00

CO2 Enhanced by 3.000E+00
N20+0=02+N2 1.00E+14
N20+0=2NO 1.00E+14
N20+H=N2+0OH 2.53E+10
Declared duplicate reaction...
N20+H=N2+0H 2.23E+14
Declared duplicate reaction...
N20+0OH=HO2+N2 2.00E+12
N20+C0O=N2+C0O2 5.01E+13
CH4+02=CH3+HO2 3.97E+13
CH4+H=CH3+H2 1.32E+04
CH4+0=CH3+0H 7.22E+08
CH4+0H=CH3+H20 1.57E+07
CH4+HO2=CH3+H202 9.03E+12
CH3+M=CH2+H+M 1.02E+16
CH3+02=CH30+0 1.32E+14
CH4 (+M) =CH3+H (+M) 2.40E+16
Low pressure limit: .47000E+48 -.82000E+01
TROE centering: .69000E+00 .90000E+02
CH3+H=CH2+H2 6.02E+13

.10000E+91
-.1

.67560E+02

.10000E+91

O O O

.0
.24670E+04
.31910E+04

.0

.0
.23500E+04
.16570E+04

2.8
-3.3

|
[ee)

ecNeoNoNoloRolNolNoNolNolNolNoRN N

1.
.0
.57690E+05

(@]

=

0
0
0
0
.6
8
0
0
0

.0 1
.11722E+06
.22100E+04

.0

-721.

-479.

-238.

361.

13730.
2354.
1927.

33780.

20920.

26120.

25000.

993.
993.
1987.
26000.
1987.
3080.
5961.
7352.
135.
56020.

28000.
28000.
4550.

16750.

40000.
44000.
56687.

8009.

8454.

2772.
24631.
90288.
31284.
04544.

15048.
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93.
94.
95.
96.
97.
98.
99.
100.
101.
102.
103.
104.
105.
106.
107.
108.
109.

110.
111.
112.
113.
114.
115.
1le.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.
144.
145.

146.

CH3+0=CH20+H
CH3+0OH=CH2+H20
CH3+HO2=CH30+0H
CH30+H=CH20+H2
CH2+02=CO2+H+H
CH2+02=CH20+0
CH2+02=C02+H2
CH2+02=CO+H20
CH2+02=CO+0OH+H
CH2+02=HCO+0OH
CH2+H=CH+H2
CH2+0=CO+H+H
CH2+0=CO+H2
CH2+0OH=CH20+H
CH2+HCO=CH3+CO
CH+0=CO+H
CH3+CH3 (+M) =C2H6 (+M)
Low pressure limit:
TROE centering:
C2H6+02=C2H5+HO02
C2H6+0=C2H5+0H
C2H6+0OH=C2H5+H20
C2H6+HO2=C2H5+H202
C2H6+CH3=C2H5+CH4
C2H5+H2=C2H6+H
C2H5+02=C2H4+HO2
C2H5+0=CH20+CH3
C2H5+H=CH3+CH3
C2H5+CH3=CH4+C2H4
C2H5+C2H5=C2H4+C2H6
C2H4+M=C2H3+H+M
C2H4+M=C2H2+H2+M
C2H4+0=CH3+HCO
C2H4+0=CH2+CH20
C2H4+0=CH2CO+H2
C2H4+H=C2H3+H2
C2H4+0H=C2H3+H20
C2H4+CH3=C2H3+CH4
C2H3+0=C2H2+0H
C2H3+0=CH3+CO
C2H3+0=CH2+HCO
C2H3+H=C2H2+H2
C2H2+0OH=C2H+H20
C2H2+0OH=CH2CO+H
C2H+0=CH+CO
C2H+H2=C2H2+H
CH2CO+H=CH3+CO
CH2CO+0OH=CH20+HCO
NH2+02=HNO+OH
NH2+0=HNO+H
NH2+0=NH+OH
NH2+H=NH+H2
NH2+OH=NH+H20
NH2+N=N2+2H
NH2+NO=N2+H20
Declared duplicate reaction...
NH2+NO=N2+H20

.12700E+42
.62000E+00

WK WFErFEFWdORFRLROUOU F P J0

L43E+13
L22E4+12
.81E+13
.81E+13
.60E+12
.00E+13
.90E+11
.90E+10
.60E+10
.30E+10
.01E+13
.51E+13
.51E+13
.01E+13
.81E+13
.97E+13
3.

61E+13

-.70000E+01
.73000E+02

6.
.99E+08
.22E+06
.32E+13
.51E-07
.07E+00
.02E+10
.13E+13
.61E+13
L14E4+12
L44E4+12
.59E+17
.49E+16
.74E4+06
.13E+06
.77E+05
L42E+14
.05E+13
.15E+12
.00E+13
.00E+13
.00E+13
.20E+13
.01E+13
.01E+13
.02E+13
.08E+13
.81E+13
.02E+13
.78E+12
.63E+14
.715E+12
.92E+13
.00E+06
.20E+13
.30E+16

P> 00000RFRPrRPRPRPRPRPRPRPRWOWORRPRRPESMNUOOOODD WONRERP R WRERERFWRRJO

02E+13

kA Kk kK Kk kK

cNeoNoNoNoNoNoNoNoNoNolololNolNolNe)

.0

2772.

1000.
9000.
500.
-1000.
-500.
-500.

.27522E+04
.11800E+04

.0

=

WO OO ODUTO OO IODODODODODODODODODODIODODUVWVOVWWOWOOODOOOOOHNOOOWU

-1.

51678.
5781.
861.
20395.
6025.
8415.
-2178.

96228.
71280.
178.
178.
178.
14850.
5920.
11088.

12870.
12870.

2158.
3366.

14900.

3650.
1000.

oNoNoNoloRolNoNoNoNoNoNolNolololNolNe)
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147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.

158.
159.
160.
161.
162.
NOTE :

Declared duplicate reaction...

NH2+NO=N20+H2
NH2+NO=HNO+NH
NH2+NO2=N20+H20
NH3+M=NH2+H+M
NH3+0=NH2+0OH
NH3+H=NH2+H2
NH3+OH=NH2+H20
NH3+HO2=NH2+H202
NH2+HO2=NH3+02
NH2+NH2=NH3+NH
HCN (+M) =H+CN (+M)
Low pressure limit:
TROE centering:
HCN+0O=CN+OH
HCN+H=H2+CN
HCN+OH=H20+CN
HCN+OH=NH2+CO
HCN+HCO=CH20+CN

.35700E+27
.95700E+00

O WhoyoNdwrE o

.00E+13
.00E+13
.28E+18
.20E+16
.40E+06
.40E+05
.04E+06
.00E+11
.00E+13
.00E+13
8.

30E+17

-.26000E+01
.10000E-89

2.
3.
3.
.83E-04
2.
A units mole-cm-sec-K, E units cal/mole

7

70E+09
73E+14
90E+06

41E+12

.0 24640.
.0 40000.
-2.2
.0 93470.
1.9 6460.
2.4 10170.
2.0 566.
.0 22000.
.0
.0 10000.
-.9 123800.
.12490E+06
.83320E+04
1.6 29200.
.0 24850.
1.8 10290.
4.0 4000.
.0 34180.
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